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Nuclear Forensic Science

 Aim isthe identification of unknown nuclear materials

» Motivated through increasing number of cases of illicit trafficking involving nuclear
materials (approx. 500 confirmed cases during the last ten years)

e eg. 1994: Munich airport seizure: 560 g mixed PuO,, U,0O; + 210 g °Li (89.4%
abund.)

Questions:
 nature of materia?
* danger associated?
» offence committed?
e Origin, possible route?
* intended use?
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Material identification

* Visual ingpection, weight, photography

e |sotopic composition: HRGS, TIMS, SIMS

e Concentration: Titration, IDMS

e Impurities: ICP-MS

» Material properties. TEM (internal microstructure, lattice defects)
SEM (grain size, surface structure)

 Date of production (“Age’): ICP-MS, TIMS, Alpha-Spectrometry
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Principle of age determination

«“ Age’ (or production date) refers to the date of the last
separation of the parent nuclide from its daughters

e Ageiscalculated from the mass ratio or activity ratio of
mother nuclide over daughter nuclide grown in

» Assumes complete removal of daughter nuclides during the
Initial purification process

» Assumes absence of subsequent contamination
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The age of uranium material is calculated from the basic equation of radioactive decay

N=N,xe"

An example for age calculation from the 2*U/?°Th ratio:

In(l— E)
timeor "age” t can be solved from:| t=

NU—234 —

— Ay _paut
Nou o5 X € %

I\ITh—230

. —Ath-230t
(Nou_2as = Ny_54) x €

p

where R is the measured 23°T h/23*U-atom ratio

B isafactor composed of the 23*U and 2*°Th decay contants = (;LU -234 ﬂ’Th—ZSO)

K=

)ﬁJ—234

(ﬁ’l'h—ZSO o ﬂu —234)
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| sotopic compositions of typical uranium materials:
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U-234 U-235 U-236 U-238
(W1t.%0) (W1t.%) (W1t.%) (W1t.%)
Natural uranium 0.005 0.711 - 09.284
Low enriched U-030 0.002 3.006 0.021 96.955
High enriched U-850 0.641 84.987 0.372 14.000
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Analysis of 24U/2Th vialD-TIMS

Add %?°Th spike
2M HNO,
|

TEVA - Column

Wash: 2M HNO,

|
Th-Elution
6 M HCI

Evaporate, redissolvein
conc. nitric acid (2x),
redissin 2M HNO,

l ID-TIMS

U-removal

>

Sample Assumed Determined Bias (%)
(**U-abund.)  Age(y) Age (y)
U-100 (10%) 43.7 44.0+1.3 -0.7
U-500 (50%0) 39.1 38.8+04 -0.8
U-800 (80%0) 43.3 42.71+0.6 -1.4
U-850 (85%) 44.0 43.3+0.8 -1.6

Extraction chromatographic procedure for
U/Th separation and TIMS-analysis.
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Analysis of 24U/2Th vialD-AS

Add ?2Th spike
2M HNO,
|

Wash: 2M HNO,
U-removal

1. TEVA - Column

|
Th-Elution
6 M HCI

I
Transfer into2M HNO,
I

Counts (arb. units)

Wash: 2M HNO,
Remove residual
| Uranium

2. TEVA - Column

Th-Elution
0.02M HNO,HF

ID-AS

' I ' ! ! ! I ! ' ! ! I ' ! ' ! I v !
B 2301
Th-fraction
with “°Th spike
I 20Th ]
L Th-fraction 281 240a-
- without spike A A
234U

2y U-800 starting solution |

4 4.4 4.8 5.2 5.6
Energy (MeV)

Extraction chromatographic procedure for
U/Th separation and AS-analysis.

Alpha-spectra of U solution and Th-frac-
tions (spiked and unspiked). The U
spectrum corresponds to 1.5 pg U,0,, the
Th-spectrawere measured from 6.3 ng 2°Th
extracted from 4.2 mg U,O,.
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Analysis of 25U/2Pavia | D-AS
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Add Z’Np/?*3Pa spike
8 M HNO,

=1
y-count 23Pa S | ®'Pafraction .
e
)
Wash: 8M HNO 27 1
1. Silicagel - Column U Np.Th-removgl % _ 2y
1 ) O
| i 1
Pa-Elution
0.4 M Oxalic Acid [ k U-850
|
Acidify to 8 M HNO, 45 46 47 48 49 5 51 52
I Energy (MeV)
Wash: 8M HNO,
2. Silicagel - Column Remove residual
| Uranium Alpha-spectra of U-850 solution and
Pa-Elution extracted Pafraction. The U spectrum
5% H;0,/3M HNO, corresponds to 1.5 pg U,0,, the spectrum of

Pa was measured from 150 pg 23Pa
y-count 233pg eXtraCted from 10.2 mg U308

231
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Werner Helsenberg' s uranium machine

e During WWII German scientists led by
Werner Heisenberg studied the feasibility
of anuclear chain reaction

» 1944/45 experimental setup located in a
cave in Haigerloch, Germany
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 Reactor consisted of 664 cubes of uranium metal, 2.4 kg each
» moderator D,O

o setup never went critical for lack of materials and time

» 659 cubes seized by American troops

* 5 cubes disappeared
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U - Isotopic composition (TIMS)

U-234 U-235 U-238
54 ppm 0.72 % 99.28 % Exercise:

Mass ratio Th-230/ U-234:
AgevialD-AS 23U [/ &0Th

1.636e-4
[ 230 ) . .
™ #*Th - => Find the age using
i 224Ra | - 11 (14
ol Nuclides Net “Full decay
=L -
Z i 2501, 227Th (223,224Ra)
E i 23211 281
0 [(x20) i
c
3 \ e
S |
\ | 234
238 U ’W L ‘E,s L‘» \1 U
B I i
. [
il : ’L 235,U ‘w“ﬂ
e T e M e s EE T S M|
3.5 4 4.5 5 5.5 6

Energy (MeV)
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Result:

Age: 59.0+1.5 years
=> Date of production: December 1943

=> Sample seems authentic
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